Abstract: Surveys of mammals can be difficult to carry out due to their elusive lifestyle and nocturnal behavior. In order to minimize the disturbance to target species, indirect or noninvasive methods are recommended. These techniques can enable the collection of samples without disturbing the animals. Active methods (e.g. hair traps) are based on artificial devices, and passive methods (e.g. scat collecting) entail the collection of samples directly from the environment. The aim of this study was to survey the mammal fauna of the Natura 2000 site of Sár-hegy in the North Hungarian Mountains based on noninvasive bird-nest analysis through the identification of hairs found in nests, based on macroscopic and microscopic features of the guard hairs. Eight out of the twelve (67%) collected nest and cavity lining materials contained good quality guard hairs. In total, 55 hair samples were found that could be analyzed, and 52 of these samples have been classified. Ten species and two twin-species were identified. The most common species was wild boar, and the most common taxa was the ruminant. There were three samples of protected species: the Eurasian beaver, the edible dormouse and the hazel dormouseforest dormouse twin-species. The obtained findings suggest that this method can be used for monitoring the spread of species. The methodology proved to be a cheap way to collect reliable data on mammal fauna. More studies are needed to test this promising method, since gathering faunistical data can be important, especially for monitoring Natura 2000 sites.
INTRODUCTION
Due to their elusive lifestyle and often nocturnal behavior it is difficult to collect occurrence data on mammal species. Different methods can be used to gather this information. Invasive methods, such as live trapping [1] , net capture [2] or chemical immobilization [3] , always affect the natural behavior [4] [5] [6] of the animals, which can result in a reduced chance of survival [7] . By altering specimen behavior, these methods could also bias the research outcomes. In order to minimize the effect of human disturbance on target species, indirect or noninvasive methods are recommended. With these techniques, different signs (e.g. scat, urine, hairs) of mammals can be collected as samples. In mammal surveys, the most frequently used sources for DNA are scat and hair samples [8] . Based on scat or hair, samples can be identified not only with regard to species, but also on an individual level [9] .
Bird-nest analysis is a relatively new noninvasive method. This technique aims to collect abandoned bird nests or artificial cavities that might contain mammal hairs, which could be prepared and identified under laboratory conditions [10, 11] . The method has already been used to gather basic occurrence data [12] , identify endangered carnivores [10] and to successfully survey urban mammal fauna [11] . The results of studies like this could provide important data for conservation and wildlife biologists.
The aim of our study was to survey the mammal fauna of Sár-hegy SAC (Special Area of Conservation) Natura 2000 site by bird-nest analysis. In addition to this, we also assessed the rate of good quality hair samples in the lining materials, and examined the correlation between the number of lining materials and the number of identification categories.
MATERIALS AND METHODS

Study area
The examined lining materials are from the Sár-hegy SAC (site number: HUBN20046) Natura 2000 site near the city of Gyöngyös, northern Hungary. The area of the site is 352.68 ha and the highest elevation is 500 m. Climate and flora are determined by the North Hungarian Mountains that extend from the north to the Great Hungarian Plain in the south, which results in turkey oak-sessile oak forests, thermophilous oak forests, steppe grasslands and rocky grasslands. Generally, the area has various habitats (e. g. Prunetum tenellae), but deciduous forests (Quercetum petraeae-cerris) [13] are the most dominant habitat types ( Supplementary Fig. S1 ).
Field sampling
We examined 12 nests and cavity lining materials (lining material from Sár-hegy Natura 2000 site). The cavities are cleaned by the national park rangers on a yearly basis after the breeding period of song birds. Lining materials were collected on 17.11.2014. The reason for the late autumn sampling is that in this period breeding is already over, and thus no harm will be inflicted on songbird fauna. Cavities and nests belonged to the great tit (Parus major) and the Eurasian blue tit (Cyanistes caeruleus). This method provides data mainly from the spring period, since songbirds collect hairs in their breeding period as nesting materials. The lining material for this study was put into separate paper bags with unique codes, which included the location and the date of sample collection. Prior to laboratory examination, the samples were stored in a deep freeze (-20°C [14, 15] . The goal of the reference work was to recognize hairs presumed to be from the sampling area and to acquire practice in morphological identification. At least three guard hairs were tested in this collection from the dorsal or lateral body region, since these are the best for species determination [16] .
Laboratory examination
The frozen samples were treated with UV light (Bieffe Italia SRL BF G15 Germicidal Lamp) for 5 min to avoid potential contamination. After the UV treatment, the guard hairs were laid on white paper for separating them into five, easily manageable, large categories (wild boar, ruminant, domestic, carnivore-like, random). We sorted out the guard and under hairs by their shape, color, thickness and strength. These categories have typical attributes that can provide accurate identification based on macroscopic parameters. Wild boar samples are typically dark, thick, rough, strong and have a fragmented peak. Ruminant samples are typically straight but have small undulations in the line of hair. Within the ruminants, further speciesspecific identification can sometimes prove to be difficult. Domestic animal samples are typically long, unicolored, often brightly colored and have no stripes. Every sample from the carnivore-like category was examined further with a microscope. Carnivore-like macroscopic hair attributes are the stripes and the thicker shield of the hair. From the random category, 1-6 samples were picked randomly and were examined with a microscope. Hairs in this category were similar to each other based on their macroscopic features, but they could not be sorted into any other category. All the above-mentioned morphological characters were based on our reference collection and identification keys [16, 17] . The samples were sorted further and only whole hairs were investigated in order to obtain more accurate identifications [10,11,] .
Hairs were placed in 70% alcohol for 10-12 h to remove dirt and other contamination. After cleaning the samples, the macroscopic attributes (shape, size, color, thickness and presence of stripes) were recorded [10,11,] .
For further microscopic analysis, the cuticle and medulla patterns were recorded. To obtain a cuticle pattern, the hairs were placed into a 20% gelatin fix. The preserved cuticle imprints of the hair samples were examined under microscope at 100x and 400x magnification. After the gelatin was fixed, we removed the hairs and stuck them with nail polish to another slide. Hairs were cut across and immersion oil was dripped onto the samples so that the medulla became clear under the microscope [11, 16, 17] .
Data analysis
The materials found in the linings were sorted in random order and identified categories were summed (repeated categories were removed). Statistical analysis was performed on these two data series. Microsoft Office Excel 2007 software was used for tables, diagrams and explorative statistics, while SPSS Statistics version 20. was used to perform the statistical analysis.
RESULTS AND DISCUSSION
Twelve lining materials were examined from the sampling area, of which eight samples (66.67%) contained guard hairs that were whole or minimally damaged. In total, 55 hair samples (average=4.58/lining material; SD=6.69) were examined from the lining materials (Table 1, Fig. 1 ).
Of the 55 examined hair samples, 52 (94.55%) were identified; 28 samples were identified on a species level, which included: Sus scrofa, Dama dama, Capreolus capreolus, Glis glis, Vulpes vulpes, Lepus europaeus, Meles meles, Castor fiber, Ovis aries musimon, Homo sapiens. Two twin-species (Muscardinus avellanarius-Dryomys nitedula, Rattus rattus-Rattus norvegicus) were also identified. Twenty-one samples were identified at a higher taxonomic level and three samples came from "domestic" animals. Samples from higher taxonomic levels included one order (Rodentia), one suborder (Ruminantia) and a family (Canidae). The most common species was wild boar (n=12), 21.82%, the most common higher taxonomic category was the ruminant (n=14), 25.45%. In two samples, the most common carnivore was the European badger (3.64%). However, most carnivore samples came from canids (n=6), 10.91%. Three samples belonged to protected mammals: these were the Eurasian beaver (n=1; 1.82%), the edible dormouse (n=1; 1.82%) and the hazel dormouse-forest dormouse twin-species (n=1; 1.82%) (Fig. 2) .
Both the linear and logarithmic functions significantly fit our data (ANOVA, linear F 1.10 =59.955; p<0.001; logarithmic F 1.10 =130.917; p<0.001). However, comparison of the determination factors (linear R 2 =0.857; logarithmic R 2 =0.929) revealed that the logarithmic function fitted better, forming a saturation curve. The correlation between the number of lining materials and the number of identified categories along with the logarithmic function are shown in Fig.  3 . The correlation between the number of lining materials and the number of identified categories and the fitted logarithmic function display a saturation curve. The saturation curve shows us that the optimum point between the minimum and maximum required number of samples is efficient. In this study we did not reach the saturation point, but similar surveys with higher sample sizes will probably reach it.
A survey in Merzse Swamp (Hungary) and the parks of Gödöllő (Hungary) found nearly the same number of lining materials (n 1 =12; n 2 =13; n 3 =15) [11] . When compared to the work of Patkó et al., the present survey [11] resulted in 1.5 times more identified hair samples (n 1 =52; n 2 =34), two times more identified species (n 1 =10; n 2 =5) and the same number of higher taxonomic level samples (n 1 =3; n 2 =3) (Merzse Swamp). The reason for this difference may be environment-related (Patkó et al. [11] examined urbanized habitats, whereas in the current study natural habitats were examined). In these habitats, different species might occur. A survey of the area in Eastern Sudetes, Czech Republic [12] sampled 4.5 times more lining materials than this survey (n 1 =12; n 2 =54). Results from the Czech Republic are based on 102-fold more identified hair samples (n 1 =52; n 2 =5317), but just 1.24-fold more identification categories than our survey (n 1 =17; n 2 =21). Most common species are also shown in this survey but at different rates (e.g. Sus scrofa, Vulpes vulpes, Capreolus capreolus); 29.6% of the lining materials from the Eastern Sudetes contained hair samples, while at Sár-hegy 66.67% of the lining materials contained hair samples. With this method, it seems that the occurrence of many species can be proven even from a relatively low sample size (n=12). Sár-hegy, our sample area, seems to be rather diverse as regards mammal fauna (species n=12, .929) revealed that the logarithmic function fits better and forms a saturation curve. The correlation between the number of lining materials and the number of identified categories along with the logarithmic function are shown in Fig. 3 . The saturation curve would show us the optimum point between the minimum and maximum required number of samples to be efficient. In this study we did not reach the saturation point, but similar surveys with higher sample size will probably reach it. The most common species was the wild boar (n=12), 21.82%, the most common higher taxonomic category was the ruminant (n=14), 25.45%. With two samples, the most common carnivore was the European badger (3.64%). However, the majority of carnivore samples came from canids (n=6), 10.91%. Three samples belonged to protected mammals, these were the Eurasian beaver (n=1, 1.82%), the edible dormouse (n=1, 1.82%), and the hazel dormouse-forest dormouse twin-species (n=1, 1.82%).
including twin-species). A survey of mammal hair diversity in nest-lining materials [19] concluded that the blue tit (Cyanistes caeruleus) and great tit (Parus major) prefer the hair of roe deer (Capreolus capreolus). In this study, we gathered only one hair sample of roe deer from blue tit and great tit nests, and the most common hair samples were from wild boar (Sus scrofa; n=12). This suggests that the hair preference of these birds varies between different habitats.
There are 25 documented mammal species on the sampling area [14] . Our survey identified 10 species and 2 twin-species. There are 3 species from the IUCN Red List in the area [14, 18] ; of these, we identfied the edible dormouse and the hazel dormouse as members of the hazel dormouse-forest dormouse twin-species. These species cannot be identified species based solely on the macroscopic and microscopic feature of their fur [11, 20, 21] . Our method proved to be successful in detecting potential target mammals of the area; however, for a more detailed study, the use of other noninvasive methods would be useful (e.g. remote cameras).
Material cost was about 1-2 € per cavity and 0.2-0.3 € per examined hair sample. We were able to collect reliable data on mammal fauna during songbird breeding and the nest-building period. Presumably, identification based on DNA (e.g. mtDNA, STR markers) would be more expensive since it requires laboratory kits.
Common species are identified more often with hair collection-based methods [11, 12] . Due to their low densities, species from edge populations are rarely identified by noninvasive methods [22] . These results are also supported by our survey. The most commonly identified group was the ruminant. Species from this group (e.g. roe deer, wild boar) are abundant in the area [15] . However, we also identified a rare and protected species, the Eurasian beaver. Three beavers were introduced 10 km from the sampling area in 2005 [23] . Considering that beavers are spreading [23] and that Lake Szent Anna at Sár-hegy might be a suitable wetland habitat, there is a chance that the species appeared near the sampling area. These findings suggest that this method can be used for monitoring the spread of this species, as well as many others in Hungary and other European countries. The method might also be efficient for monitoring invasive species.
Our study showed that bird-nest analysis is a costefficient method for surveying the mammal fauna of Natura 2000 sites, and presumably other areas as well. Using this methodology, we can identify rare species on the sampling area and the procedure can be applied for monitoring the spread of invasive species. Further application of this method will enhance our knowledge about the cost efficiency of bird-nest analysis. The creation of a compilation of reference collections is advised before similar surveys in order to improve the reliability of the method. The effectiveness of bird-nest analysis could be enhanced by the addition of mitochondrial DNA tests to make underhairs and damaged hairs identifiable, although this would raise the overall cost of the study. Further, one could also investigate the differences in sample quality and quantity between nest-builder and cavity-user birds. Information on the songbird distance of travel for nest-building material would help to understand the habitat use of the identified mammals. It would also be beneficial to know if birds have preferences in terms of hair collection (e.g. over-represented mammal hairs in the lining materials) as this information would help in clarifying biases.
